Magnetic resonance imaging (MRI) and proton magnetic resonance spectroscopy (MRS) were evaluated for differentiating metastatic brain tumors, radiation necroses, and brain abscesses. Twelve histologically verified lesions in 12 patients were studied using preoperative MRI and proton MRS. The signal intensities of four major metabolites, N-acetyl aspartate (NAA), choline-containing compounds (Cho), creatine and phosphocreatine (Cr), and lactate (Lac), were observed over the region of interest. Metastatic brain tumors showed a decrease in NAA/Cr and an increase in Cho/Cr ratios. Radiation necroses showed a decrease in NAA/Cr and no change in Cho/Cr ratios. Brain abscesses showed an increase in Lac/Cr ratio. Correlation with histopathologic findings showed that a high Cho signal was suggestive of a metastatic brain tumor. Lac signals were observed in brain abscesses, presumably reflecting the anerobic glycolysis of living cells. Although more cases and studies are necessary, metabolic information provided by proton MRS combined with MRI is useful for differentiating among metastatic brain tumors, radiation necroses, and brain abscesses.
The radiologic assessment of brain lesions is very important in determining treatment strategy. Radiotherapy with or without surgical resection is now the most common treatment for malignant brain tumors. Post-radiation necrosis should be distinguished from recurrent brain tumors, so that radiosurgery or subsequent surgical intervention can be considered [1] . In addition, treating cerebral abscesses, which mimic tumors, could be rendered ineffective if an improper diagnosis is made. Several methods for differentiation between recurrent brain tumors and post-radiation necroses have been introduced, including positron emission tomography [2, 3] , 201 Tl single photon emission tomography [2] , magnetic resonance imaging (MRI) [3] , and stereotactic biopsy [3, 4] . Proton magnetic resonance spectroscopy (MRS) has been studied in metabolic characterization of the human central nervous system since the 1990s [5] [6] [7] , and even used for prognosis prediction in 2003 [8] . This diagnostic method could be widely accessible and not too expensive [9] . This method was compared with histopathologic diagnosis to examine the accuracy of a preoperative diagnosis using proton MRS combined with MRI.
PATIENTS AND METHODS
Twelve patients (9 men, 3 women; mean age, 55 years; age range, 35-85 years) with brain lesions underwent surgical intervention after preoperative MRI and proton MRS. Postoperative histopathologic diagnoses were compared with preoperative diagnosis by proton MRS combined with MRI. Multislice fast spin-echo MR images in the sagittal, coronal, and transverse (slice thickness, 5 mm) planes were obtained to locate the region of interest (ROI) for spectroscopy [8, 9] . The ROI was chosen to include the lesion center and surrounding brain tissue. MRI and proton MRS from normal brains were also studied. Control data were obtained from the temporal regions in healthy normal brains and from the ROIs selected to contain adjacent normal brain tissue in the 12 cases. MRS peak concentrations of four metabolites were observed: for cholinecontaining compounds (Cho) at 3.2 ppm; creatine and phosphocreatine (Cr), 3.0 ppm; N-acetyl aspartate (NAA), 2.0 ppm; and lactate (Lac), 1.3 ppm [5] [6] [7] [8] [9] [10] . Peak concentrations of NAA, Cr, and Cho were also observed in controls. Lac could not be seen in normal brain tissue. The ratios of NAA/Cr, Cho/Cr, and Lac/Cr were calculated.
RESULTS
Four patients with a marked decrease in NAA/Cr and an increase in Cho/Cr were diagnosed with metastatic brain tumors, which was verified by histopathologic diagnosis. Three patients with malignant brain tumors after radiotherapy (who were investigated to determine whether this was recurrent) had a decrease in NAA/Cr and no change in Cho/Cr, and were diagnosed as having radiation necrosis, which was proved by pathology at surgery. Four patients with a marked increase in Lac/Cr were diagnosed as having brain abscesses, which was compatible with the histopathologic diagnoses. Unexpectedly, one patient with an increase in Lac/Cr was misdiagnosed as having a brain abscess but later diagnosed by histopathology as having gliosis (Figure 1) . Changes in the ratios of the metabolites are compared with preoperative diagnosis and postoperative pathologic diagnosis in the Table. Case 1 had a metastatic brain tumor (Figure 2 ), Case 5 had post-radiation necrosis (Figure 3 ), and Case 8 had a brain abscess (Figure 4 ).
DISCUSSION
Previous proton MRS studies found that Cho signals in radiation necroses were lower than in recurrent brain tumors, leading to an increase in Lac/Cr and a decrease in Cho/Cr in patients with post-radiation necrosis [8, 9] . We found a marked decrease in NAA/Cr, no change in Lac/Cr, and/or a slight increase in Cho/Cr in patients diagnosed with radiation necrosis. We also found a significant increase in Cho/Cr and a decrease in NAA/Cr in patients with metastatic brain tumors. In patients with cerebral abscesses, we found a marked increase in Lac/Cr.
We applied our hypotheses for radiation necrosis, tumor biology, and pathophysiology of cerebral abscesses to interpret these results.
The effects of radiotherapy that result in necrosis may have a latent period of a few months to a few years. Theories of the mechanism of the pathogenesis of radiation necrosis include vascular damage leading to chronic ischemia, demyelination as a result of glial cell injury [1] , and cell membrane dysfunction due to lipid destruction by free radicals. NAA is found in neurons and thought to act as a marker [9] . A decreased NAA concentration results from a loss of neurons in multiple sclerosis [5, 6] , cerebral infarction, postradiation necrosis, and brain tumors. All spectra must be considered for an accurate assessment. NAA alone is not a specific indicator for differential diagnosis. Cho signals are found in the cytoplasm and mainly relate to methyl groups from choline-containing compounds. An increased Cho concentration results from increased phospholipid turnover in tumor tissue and tumor activity. Lactate is the end product of anerobic metabolism. Cerebral abscesses and cerebral infarction result in increased lactate production. Cr concentrations are relatively stable in brain lesions [8, 9] . Changes in the ratios of metabolites/Cr in proton MRS might reflect the concentrations of the metabolites.
CONCLUSIONS
We hypothesize that in metastatic brain tumor, a decrease in NAA/Cr combined with a marked increase in Cho/Cr reflects an increase in tumor activity and neuron cell loss.
In post-radiation necrosis, a marked decrease in NAA/Cr combined with no change or a slight increase in Cho/Cr reflects necrotic change from chronic vascular damage and ischemia. If the patient has previously received radiotherapy, the probability of radiation necrosis should be examined. Lastly, in brain abscesses, a marked increase in Lac/Cr reflects anerobic glycolysis by microorganisms. We do not mislead readers into thinking that these lesions can be distinguished using proton MRS alone. History, presentation, physical examination, and neurologic examination, together with all imaging studies, are fundamental to an exact diagnosis.
Although further investigation is necessary, the metabolic information provided by proton MRS combined with MRI is useful for differentiation among metastatic brain tumors, radiation necrosis, and brain abscess.
